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Western Grand Canyon, Arizona
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George H. Billingsley and Jack C. Antweiler

INTRODUCTION

Gold occurrences in Proterozoic rock of the Grand Wash Cliffs (fig. 1), 
the western margin of the Colorado Plateau, have been known since 1880. Several 
gold districts--the Music Mountain, Gold Basin, and Lost Basin districts--lie 
along the lower western edge of the Grand Wash Cliffs. The gold mineralization 
occurred within high angle NW-trending, NE-dipping quartz veins, probably 
Mesozoic in age, which cut Proterozoic rocks of granite, schist, and gneiss. 
The veins vary from a few inches to 4-5 ft in width. Some of the veins are 
located along margins of diabase dikes. Other quartz veins occur along shear 
zones, parallel to but offset from, the dikes. The veins are generally quartz 
rich and contain abundant iron oxide near the surface; below about 200 ft they 
contain locally abundant pyrite and galena (Schrader, 1909) . Recorded production 
from the Gold Basin-Lost Basin mining districts between 1902 and 1942 includes 
13,508 ounces of gold and 6,857 ounces of silver (Theodore and others, 1987). 
Production records are not available for the Music Mountain district, but prior 
to 1904, $20,000 worth of bullion was recovered (Schrader, 1909).

Lower Paleozoic sedimentary rocks bury most of the Precambrian rock on the 
Colorado Plateau, although exposures are present in the depths of the Grand 
Canyon and its tributaries. Similar Proterozoic rocks with NW-trending diabase 
dikes outcrop east of these mining districts on the Colorado Plateau in Milkweed 
and Spencer Canyons, Diamond Creek, and along the Colorado River gorge (fig. 1). 
Hence, in 1987 the U.S. Geological Survey began an exploration program aimed at 
searching for gold-quartz vein occurrences as part of a mineral assessment 
project on the Hualapai Indian Reservation. The reconnaissance stage of this 
study began in 1988 and involved stream-sediment and panned concentrate surveys 
of all drainages on the Reservation that dissect Precambrian rock. In 1989 
detailed follow-up surveys were completed of two areas found during the 
reconnaissance survey to contain anomalous gold: (1) the 10 sections of land 
owned by the Hualapai Tribe, located west of the main Reservation boundary and 
adjacent (within 2 mi) to the Music Mountain mine, and (2) Diamond Creek and 
several of its tributaries.

The purpose of this report is to release data for these geochemical 
surveys. Data interpretation will follow in a later report.

GEOCHEMICAL SURVEYS

In 1988 a stream-sediment survey was completed for all drainages within 
Proterozoic rock on the Hualapai Reservation. One stream-sediment sample, sieved 
to less than 80 mesh, and one panned concentrate were collected from each of 269 
sample sites during the reconnaissance survey. The initial sampling was done 
in March, 1988 and involved the collection of samples from 248 sites on the 
Hualapai Reservation, including the Diamond Creek, Granite Park, Peach Springs 
Canyon, Bridge Canyon, Spencer Canyon, Milkweed Canyon, and Quartermaster Canyon 
drainages, as well as the Music Mountain area north of the Music Mountain mine
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(fig. 1) . The remaining reconnaissance samples from along the Colorado River 
gorge below Diamond Creek were collected in September, 1988 from tributaries just 
above their confluence with the Colorado River. Samples were collected along 
each of these main drainages at approximately 2000 ft intervals, and also in each 
tributary drainage above its confluence with the main drainage (but above levels 
of backflooding from the main drainage). In addition, several samples were 
collected from an area in Spencer Canyon where old hydraulic placer mining 
equipment (including a pump dated Aug. 9, 1921, 6 in. iron pipe, 4 in. fire hose, 
a large vise for clamping pipes, and a gasoline-driven engine) had been observed 
during past expeditions by G.H. Billingsley. Several samples were collected 
(and panned in Spencer Creek) from a pegmatite-veined shear zone within the 
Proterozoic granite that had apparently been worked with the hydraulic equipment. 
All panning was done on site in Arizona.

Most drainages were dry except for the perennial Diamond and Spencer Creeks. 
Sediment from dry channels was transported to camp, either at Diamond Creek or 
the Colorado River, where it was panned. Stream sediments were brought back to 
the laboratory and dry sieved to <80 mesh. Samples were split in the laboratory 
using a sample splitter to produce replicates for checking the analytical 
precision.

Both the Diamond Creek and Music Mountain areas yielded samples with 
anomalous Au and Ag concentrations. Subsequently, detailed stream-sediment 
surveys were made of these two areas during March, 1989. Sample collection was 
identical to that done during the reconnaissance survey except that the density 
of the 50 samples was greater--in some places as close as 300 ft. Two of the 
Diamond Creek stream-sediment samples were concentrated into "panned 
concentrates" through the use of a sluice (340G-Y89 and 341G-Y89).

ANALYTICAL METHODS

All samples were dried, and the stream sediments sieved to <80 mesh. The 
samples were then mailed to Geochemical Services, Inc (GSI) in Sparks, Nevada. 
The 1988 reconnaissance samples were analyzed in 1988, but due to a 1989 BIA 
termination of funding, the 1989 detailed samples were not analyzed until 1991. 
A 30 gm sample of each of the panned-concentrate and stream-sediment samples was 
analyzed by inductively coupled plasma-atomic emission spectroscopy (ICP) for 
Ag, Au, As, Bi, Cd, Cu, Ga, Hg, Mo, Pb, Pd, Pt, Rh, Sb, Se, Te, Tl, and Zn. In 
addition to these 18 elements, the 50 detailed samples were analyzed for Co, Fe, 
Mn, Ni, and V by ICP. For the detailed samples the entire panned concentrate 
was analyzed; for some samples this involved 4 separate 30 gm analyses, which 
were summed by exact weight to arrive at an average concentration.

According to William Henderson (personal commun., 1991) of GSI, their ICP 
method takes 30 gm of sample and uses a digestion chemistry that is an aggressive 
oxidizing acid procedure that GSI refers to as a "modified aqua regia." The 
organic extraction chemistry is a variation on the method developed by Clark and 
Viets (1981). The organic extract is analyzed by ICP with a direct reader 
employing interelement and background correlations.

For both the March, 1988 and September, 1988 samples the panned concentrates 
were submitted for gold, platinum and palladium determinations by fire assay. 
These were done using a well-rolled two "fire assay-ton" (60 gm) pulverized 
sample. Between March and September the laboratory improved their detection 
limits through the use of a "gravimetric finish" using a high precision micro- 
balance, so that the detection limits for the September samples (those with



field numbers between 252 and 293) are considerably lower than for the March 
samples. In addition, rhodium was determined in the September samples. 
Determinations of platinum, palladium, and rhodium were not repeated in the 1989 
detailed survey because most 1988 samples contained values for these elements 
that are below the detection limit.

In several cases there was an insufficient amount of sample so that the 
analysis had to be made with less than the desired sample weight. Such a 
situation generally resulted in an increased detection limit.

RESULTS

Analytical results for these geochemical surveys are shown in Tables la 
(1988 panned concentrates), Ib (1988 stream sediments), Ic (1989 panned 
concentrates) and Id (1989 stream sediments). The data are also presented on 
a diskette (Open-File Report 92-591B) in dbase III plus format, as four separate 
files, and as a single ASCII file. The entire report in Word Perfect 5.0 is also 
included on the disk. For the convenience of plotting the data with a computer, 
the latitude and longitude are presented in decimal degrees rather than degrees, 
minutes, seconds. The variations in detection limits between samples for many 
of the elements are generally a result of fluctuations in the matrix composition 
of the sample, particularly varying concentrations of elements such as iron. 
In cases of significant deviation (higher) from the other detection limits the 
cause was a smaller sample. Although the detection limit for Au by this ICP 
method was considered to be 0.2 ppb (0.0002 ppm) , except for the 1988 panned 
concentrates where it was 0.5 ppb, some data are shown below this value--Bill 
Henderson (GSI) believes these numbers to be significant, although the data error 
is undoubtedly several times higher. These data below the 0.2 ppb level are 
reported primarily for statistical analysis because they are more meaningful 
numbers than those that would be arbitrarily substituted for "less than" data 
by most statistical programs.

The entire panned concentrate was analyzed for the 1989 samples. Because 
the maximum amount of sample that GSI could analyze by the ICP method was 30 gm, 
the sample had to be divided into multiple splits. J.C. Antweiler had strongly 
urged that all panned concentrates collected during this study be completely 
analyzed. His concerns were borne out in the striking "nugget effect" shown by 
the data from various splits of a single field sample. For instance: (1) in 
2 splits from sample 176G-Y89 the Ag concentrations were 7 and 255 ppb; (2) in 
4 splits from sample 328G-Y89 the Au concentrations were 1, 0.8, 267, and 0.9 
ppb; and (3) in 2 splits from sample 340G-Y89 the Au concentrations were 78 and 
1 ppb. The "nugget effect" was more pronounced in the Au results than in the 
Ag. The effect was minor for most other elements. However, Cd, Hg, Sb, Cu, Pb, 
and Zn showed more "nugget effect" than did As, Bi, Ga, Mo, Se, Te, and Tl.

The gold panned-concentrate results (ICP) for the 1988 reconnaissance surveys 
are shown plotted in figure 2. For drainage names refer to figure 1. For the 
most part, samples collected from drainages cutting Proterozoic rock just above 
the Colorado River show very low gold concentrations, commonly less than the 0.5 
ppb detection limit. The highest gold concentrations are in Diamond Creek, the 
Music Mountain area, and Spencer Canyon (about three-quarters of a mile 
downstream from the old mining equipment). Unfortunately, the 7 samples (287G- 
Y88 to 293G-Y88) collected from the shear zone and adjacent gravels in Spencer 
Creek yielded low concentrations of Au (the highest was 5 ppb). Nevertheless, 
the early 20th century miners must have found more encouraging results to have
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hauled heavy mining equipment over 7 miles of narrow trail and down 2000 ft of 
cliffs into the Grand Canyon.

The most anomalous sample (83G-Y88) , containing 528 ppm (not ppb) from 
Diamond Creek, was panned from a plunge pool at the base of an 8 ft-high 
waterfall in a tributary to Diamond Creek. Likewise, the accompanying stream 
sediment resulted in one of the most anomalous samples from the stream-sediment 
geochemical survey. The care that must be taken to avoid inconsistent results 
due to the "nugget effect" was reconfirmed by the fire assay Au analysis on a 
second (separate) panned concentrate taken from the same site, which yielded a 
much lower Au concentration. The follow-up detailed panned-concentrate and 
stream-sediment surveys in the area reconfirmed that this drainage and 
surrounding area are the most anomalous for gold on the Hualapai Reservation. 
Geological investigations of the rock located up the drainage from the 528 ppm 
anomaly revealed diabase dikes, and adjacent quartz veins, identical in 
composition and orientation to those associated with the gold ore at the Music 
Mountain mine.

The analyses of platinum, palladium, and rhodium in the 1988 panned 
concentrate samples yielded few results above the detection limit. The potential 
for platinum group metals on the Reservation in Proterozoic rock is not 
considered favorable.

CONCLUSIONS

The Diamond Creek tributary (located near the Hurricane fault zone) with 
the strikingly large gold anomaly, drains Proterozoic rock cut by northwest- 
trending diabase dikes and adjacent quartz veins. Such rock is also prevalent 
in the area near the Grand Wash fault zone. Most of the sites found to be 
geochemically anomalous by this study occur within two miles of either the Grand 
Wash or Hurricane Faults. Both are major Precambrian fault zones that have been 
reactivated in the Phanerozoic. They bound the western edge of the Colorado 
Plateau and have resulted in the downward vertical displacement of rock to the 
west. The Grand Wash fault has been estimated by Lucchitta (1979) to have 
displaced rock along the edge of the Colorado Plateau by 10,000 feet. The Music 
Mountain mine containing gold-rich quartz veins associated with diabase dikes, 
lies along the Grand Wash fault. The Gold Basin and Lost Basin districts, in 
which Au-base metal veins are associated with pegmatite dikes, occur north of 
the Music Mountain mines near the Wheeler fault. These two major tectonic zones 
(the Grand Wash and Hurricane Fault zones) along the edge of the Colorado Plateau 
appear to be good exploration targets for Cretaceous Au-rich quartz veins 
associated with pegmatite or Proterozoic diabase dikes.
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Explanation for Table'1
The 8-digit field number, column 1, identifies the site number (the first 

3 digits), the type of sample (the fourth digit--a "G" indicates a panned- 
concentrate and an "S" a stream-sediment sample), a replicate (if the fifth 
digit="R"), a project code (the sixth digit="Y") , and the year (seventh and 
eighth digits, i.e. "88"==1988) . The next two columns list latitude and longitude 
shown in decimal degrees. All other columns contain element concentrations. 
All elements were determined by ICP except where followed by an "F" for fire 
assay. A "<" indicates that an element was below the limit of detection, and 
a ">" that the element was above the maximum limit of detection. A "---" means 
that the element was not determined, and an 'H' indicates that there was an 
analytical interference.
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